Abstract
Intermediate-term outcome of 500 consecutive rapid-deployment surgical aortic valve procedures † 
INTRODUCTION
Surgical aortic valve replacement (SAVR) is the gold standard for treatment of severe aortic stenosis. Currently, more than 80% of patients are implanted with a tissue valve [1] . Transcatheter aortic valve implantation (TAVI) was widely accepted as a standard approach in elderly high-risk patients who are not eligible for standard cardiac surgery. However, routine TAVI use in lower risk patient populations is still controversial and long-term results are required [2] . TAVI displaces the native valve and anchors itself into the calcified area, while SAVR assumes the removal of the modified valve prior to implantation; this fact may contribute to a higher incidence of paravalvular regurgitation, increased rates of conduction disturbances and a higher risk of subclinical leaflet thrombosis in TAVI patients [3] . Therefore, this technical burden of TAVI technology may lead to an ongoing need for SAVR in several patients. A major step forward in surgical techniques was the introduction of minimally invasive approaches for valve surgery [4] . To overcome the increased technical complexity, novel surgical rapid-deployment aortic bioprostheses have been developed [5] . These systems facilitate minimally invasive procedures and may provide better haemodynamics [6] [7] [8] . We report herein a comprehensive 6-year single-centre experience of 13 different surgeons with the Edwards INTUITY Valve System with regard to survival, reoperation rate, valve-related adverse events and haemodynamic performance.
MATERIALS AND METHODS

Study population
All 500 consecutive patients who underwent successful isolated or combined SAVR with an Edwards INTUITY rapid deployment aortic valve (RD-AV) system (all generations-G1A, G1B and G2) between May 2010 and July 2017 at the Department of Cardiac Surgery at the Medical University of Vienna were included in a prospective ongoing database with longitudinal end point assessment (Vienna Intuity Comprehensive Evaluation-VICE Registry), and are reported herein. The institutional review board approved this registry (1861/2016), and patients signed the informed consent postoperatively. Comprehensive safety and effectiveness of this novel bioprosthesis was assessed. Furthermore, the number of failed implantations was collected, but patients were not further analysed in this registry if another valve type was implanted ('as treated' analysis). . Furthermore, all patients who received the rapid-deployment valve outside these trials were included in this analysis and followed up according to the VICE protocol. This comprises (i) clinical follow-up at discharge, 3 months, 1, 3, 5 and 10 years, which evaluates the clinical status on the basis of the functional classification of the New York Heart Association (NYHA) and occurrence of any adverse events, (ii) haemodynamic performance by transthoracic echocardiography and (iii) electrocardiogram during the follow-up visits. At 2, 4 and 7 years postoperatively, a telephone follow-up interview was performed. The follow-up time was up to 7 years, with a mean of 19 [standard deviation (SD) 21] months and a median of 12 (3-34) months. For the sake of this study, the database was locked at the end of August 2017.
Surgical techniques
A detailed description of the procedure was reported previously. Technical success was defined as successful implantation of the INTUITY valve within 2 attempts [6] .
Study end points
The primary end points of the registry are assessment of shortand long-term survival, structural-/non-structural valve dysfunction and haemodynamic valve performance by transthoracic echocardiography [9, 10] . As secondary end points, we assessed the occurrence of valve-related events according to the guidelines for reporting mortality and morbidity after heart valve surgery [9] .
Mortality
We included all deaths after valve implantation regardless of the cause for the calculation of overall mortality. Early mortality was defined as mortality within the first 30 postoperative days, inhospital mortality was defined as any event occurring between surgery and first discharge, and perioperative mortality was calculated as a cumulative value of early and in-hospital mortality. The risk of early postoperative mortality was assessed at baseline by means of the EuroSCORE II and logistic EuroSCORE (European system for cardiac operative risk evaluation) and retrospectively using the STS score (Society of Thoracic Surgeons Score). Patients at intermediate and high preoperative risk were defined as patients with an STS score of 4-8% and above 8%, respectively.
Morbidity
Valve-related adverse events, including structural valve deterioration, non-structural valve deterioration, endocarditis, major bleeding events, valve thrombosis, stroke, transient ischaemic attack, peripheral emboli, pacemaker implantation and myocardial infarction, were assessed during the follow-up according to the current guidelines [9] . Reoperations were categorized according to the underlying pathology into reoperations for structural valve disease, non-structural valve disease, valve thrombosis and endocarditis. Early surgical revision for bleeding (intrathoracic bleeding or haematoma requiring re-entry or subxiphoidal drainage) was separated from the major bleeding events and reported as revisions.
Statistical analysis
Descriptive statistical methods were applied to depict the study population. Continuous variables were presented as mean and SDs or median (25th-75th interval). Total numbers and proportions were reported for categorical outcomes. The Kaplan-Meier and life table methods were performed to assess survival and valve-related events. The safety end points of this trial are reported as early (< _30 postoperative day) or late (>30 postoperative day) events. Early events are reported as numbers and percentages and late events as linearized event rates per patient year (%ppy) of follow-up and calculated as a cumulative number of late events divided by the total patient-years. Statistical calculations comparing continuous variables were made using the t-test or the Wilcoxon-Mann-Whitney test (non-parametric variables), and comparisons of categorical variables were made using the Pearson's v 2 test. The IBM SPSS Statistics 24 (IBM Corp. Released 2016, IBM SPSS Statistics for Mac, Version 24.0. Armonk, NY: IBM Corp.) was used for statistical analysis. A P-value of <0.05 was considered as significant.
RESULTS
Demographics and baseline characteristics
Between May 2010 and July 2017, a total of 500 patients underwent SAVR with the INTUITY Valve System at our institution. The mean age was 73.5 (SD 7.9) years (range 41-93), and 228 (45.6%) were women. Sixty-four percent of patients presented with NYHA functional class III or IV symptoms. The predicted operative risk was estimated preoperatively by means of EuroSCORE II and logistic EuroSCORE, revealing a median risk of early mortality of 2.3 (1.4-4.2) and 6.7 (4.3-11.7), respectively. We also estimated the risk of mortality retrospectively by means of the STS score, revealing 87 (17.4%) patients at intermediate risk and 21 (4.2%) patients at high preoperative risk. Baseline characteristics and cardiovascular comorbidities are listed in Table 1 .
Procedural aspects
Thirteen different surgeons, comprising 100% of adult cardiac staff surgeons, performed the implants. Concomitant procedures were carried out in 235 (47%) patients, coronary bypass grafting was performed in 142 (28.4%) patients, and other procedures are detailed in Table 2 .
Full sternotomy was used in 264 patients (52.8%) and upper hemi-sternotomy or anterior right thoracotomy in 114 (22.8%) and 122 (24.4%) patients, respectively, and 3 patients required conversion to FS (0.6%). Overall cardiopulmonary bypass and cross-clamp times were 121 (SD 46) and 82 (SD 32) min, including patients with combined procedures (Table 2) . Cannulation was performed mainly through direct access (aorta/right atrial appendage or superior vena cava) even in minimally invasive approaches (n = 222/236, 94.1%). A subgroup analysis of isolated AVR patients operated on through a full sternotomy revealed reduced aortic cross-clamp time and perfusion time compared with minimally invasive approaches ( Table 2 ). Other subgroups, periprocedural specifications and outcomes are also reported in Table 2 . A second and successful deployment attempt to place the valve was necessary in 14 patients (2.8%).
Switch to conventional valve. Fourteen patients (2.7% based on 514 patients for this specific analysis) could not receive a RD-AV, and they were switched to a conventional valve. The RD-AV could not be placed in the annulus in 2 of these patients (1 was a reoperation after a calcified stentless bioprosthesis), 10 patients had a pop-out, 1 had severe paravalvular regurgitation after clamp removal and 1 suffered from an atrioventricular dehiscence after extensive decalcification of the mitral-aortic continuity. These patients were excluded from further analysis.
Clinical outcomes
Mortality. Four patients died during the first 30 days (0.8%).
Perioperative mortality occurred in none (0%) of the isolated AVR and in 6 (1.2%) patients after AVR with concomitant procedures (P = 0.003). The reasons for these 6 in-hospital deaths were as follows: cardiac arrest due to asystole, refractory to reanimation on 6th postoperative day (n = 1, 0.2%), cardiogenic shock with cardiac arrest (n = 1, 0.2%) on Day 53, multiorgan failure (n = 2, 0.4%) on Days 4 and 92, acute respiratory distress syndrome (n = 1, 0.2%) on Day 34 and acute kidney failure (n = 1, 0.2%) on Day 149. Overall, 40 patients died (8%). Long-term survival was 94%, 89% and 81% at 1, 3 and 5 years after surgery, respectively ( Fig. 1) , and comparable for minimally invasive surgery and full sternotomy (Fig. 2) . Overall median logistic EuroSCORE for full sternotomy (including combined procedures) and minimally invasive approaches were 8.7 (4.9-16.1) and 5.8 (3.5-9.7) (P < 0.001), respectively, revealing a significant lower operative risk in the minimally invasive population. The mortality risk was also retrospectively analysed by means of the STS score (Fig. 3) , and the overall 1-year survival in the intermediate-and high-risk cohort was 87% and 78%, respectively.
Stroke. Perioperative stroke occurred in 13 (2.6%) patients, and 3 (0.36 %ppy) late events were reported, of which only 1 was haemorrhagic. Other events are presented in Table 3 .
Bleeding events. There were 19 (3.8%) early bleeding events identified, of which 18 (3.6%) were perioperative revisions for bleeding, as well as 5 (0.61 %ppy) late major bleeding events, of which 4 (0.48 %ppy) were gastrointestinal and 1 (0.12 %ppy) was cerebral (Table 3) .
Structural and non-structural valve dysfunction. One patient (0.12 %ppy) received a valve-in-valve procedure 6 years after the SAVR for structural degeneration. Major paravalvular regurgitation occurred in 13 patients (2.6%), of which 7 (1.4%) were moderate and 6 (1.2%) were severe. Whenever a clinical impact was present (haemodynamics, haemolysis or acute bleeding), the valve was explanted as described below. Cases of coronary ostia obstruction or other causes of non-structural dysfunction were not observed.
Endocarditis. Two patients (0.24 %ppy) had postoperative endocarditis: 1 underwent reoperation and valve explantation 112 days after the primary operation and 1 died 1832 days after the procedure.
Valve explantation (reoperation/intervention). Five patients (1%) were reoperated on within 30 days of the index operation and additional 4 patients (0.48 %ppy) during the first postoperative year (Table 3) . New onset of atrial fibrillation 137 (27) Continuous data are presented as mean (standard deviation) and categorical data as n (%). ART: anterior right thoracotomy; CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass; MVR: mitral valve replacement; MVr: mitral valve repair; PMI: pacemaker implantation; TVr: tricuspid valve repair; UHS: upper hemi-sternotomy. The early 5 reoperations took place on postoperative days 1, 8, 15, 26 and were necessary due to severe paravalvular regurgitation in 4 cases and due to septal rupture and acute bleeding in a patient by whom an aggressive myectomy was performed (all cases reported as non-structural valve disease, Table 3) , and another 3 patients underwent valve explantation for non-structural dysfunction: 2 patients due to progressive paravalvular regurgitation on Days 154 and 186 and 1 patient on Day 49 with structural damage of the mitral valve apparatus (severe mitral regurgitation due to chordae rupture) and an intact aortic valve. All patients who underwent reoperation due to paravalvular leakage had a severely calcified aortic root. Three out of the 6 patients who required reoperation and valve explantation due to significant paravalvular leakage did not present any regurgitation in the intraoperative transoesophageal echocardiography performed immediately after valve implantation; 2 patients presented a light-moderate regurgitation intraoperatively and another patient had severe calcium deposition extending into the anterior mitral valve leaflet and septum; in this particular case, the intraoperative post-implantation transoesophageal echocardiography identified an atypical jet which was not considered to be paravalvular leakage; however, at the time of explantation an incomplete expansion of the subvalvular stent was observed due to residual calcifications.
Another patient (0.12 %ppy) received a valve-in-valve procedure 6 years after SAVR for structural degeneration. The transcatheter procedure was technically feasible with a good haemodynamic outcome. The technical details are described elsewhere [11] .
Pacemaker and additional valve related outcomes. A pacemaker implantation was required in 43 patients (8.6%) during the first 14 postoperative days. Other procedure and valverelated events are summarized in Table 3 .
Haemodynamic outcome. The mean gradients at discharge, 3-month, 1-, 3-and 5-year follow-up were 13 (SD 5), 11 (SD 4), 11 (SD 4), 12 (SD 5) and 11 (SD 3) mmHg, respectively. The effective orifice area and indexed effective orifice area at discharge were 1.87 (SD 0.53) cm 2 and 0.99 (SD 0.27) cm/m 2 , respectively, and severe prosthesis-patient mismatch (PPM) occurred in 13 patients (2.6%). The implanted valve sizes are reported in Table 2 . Paravalvular regurgitation occurred in 43 patients (8.6%), of whom 30 (6%) were only trace-mild, 7 (1.4%) were moderate and 6 (1.2%) were severe.
DISCUSSION
The Edwards INTUITY valve system combines a new rapiddeployment, stent-based fixation system with an established biological valve prosthesis known for proven long-term durability [6, 8, 12, 13] . We report the largest single-centre experience with this valve. Thirteen staff surgeons (all adult cardiac surgeons) were trained and performed the 500 surgical procedures reported herein. A conventional valve was implanted in 14 patients after an attempt at RD-AV deployment, mainly due to valve pop-out. These results reflect the real-world experience with this new technology, which is beyond the scope of a clinical trial. The learning curve of all surgeons is included in the results, which has to be considered for the discussion and interpretation of the results. The novel delivery handle and accurate training may reduce the necessity for switching to another valve.
Minimally invasive isolated surgical aortic valve replacement was commonly performed at our centre. Due to the learning curve, we started implanting this valve through a standard full sternotomy and shifted gradually to minimally invasive approaches, and currently almost all patients with isolated surgical aortic valve replacement referred to our institution are planned for a minimally invasive access by either upper hemisternotomy or anterior right thoracotomy: 74.2% between 2013 and 2014 and 85.5% from 2015 until present date. This suggests that the rapid-deployment valve system facilitates a minimally invasive surgical approach as reported previously [14] . Direct arterial and venous cannulation was performed in 94.1% of the minimally invasive cases in order to avoid vascular and groin complications associated with femoral cannulation [15] .
We performed a subgroup analysis on patients in whom a TAVI procedure could be indicated according to the STS score. One-year mortality in the high-risk group was 22%, which was slightly lower than previously described in TAVI registries, ranging from 24.3% to 34.9% [16] [17] [18] ; it is important to notice that concomitant procedures were performed on 16 (76.2%) patients of this high-risk subgroup. In the intermediate risk group, which also consisted of a high number of patients undergoing combined procedures with a higher long-term risk, 1-year all-cause mortality was 13%, comparable with the reported 1-year mortality in transcatheter valves varying from 6.7% to 12.3% [19] [20] [21] . Postoperative survival was excellent after RD-AV implantation. No impact of minimally invasive procedures on survival was reported (Fig. 2) . Patients with a higher calculated preoperative risk revealed decreased long-term survival (Fig. 3) .
Conduction disturbances may occur due to mechanical trauma applied by the stent frame to the septum in the region of the atrioventricular conduction system. We report a total rate early new pacemaker implantation of 8.6%, which is significantly lower than previously described in TAVI technologies [16, 17] , but slightly higher than in conventional surgical valves [22] . The second sutureless valve currently on the market has a similar pacemaker rate according to a recent meta-analysis [23] . However, our data and the recent meta-analysis are below the pacemaker rate of 10.4% reported from the Sutureless and Rapid-Deployment Aortic Valve Replacement International Registry [24] . No significant influence on overall survival related to pacemaker implantation was observed in this study. We adapted our implantation technique to reduce the risk of pacemaker. Therefore, tension on the right/non-coronary commissural suspension stitch is relaxed prior to valve deployment. Furthermore, correct sizing is crucial for rapid-deployment valves. While the sizer should fit perfectly to the annulus without any extra space, a too-snug fit under pressure should be avoided.
Although the increased pacemaker rate may be attributed to the subvalvular stent fixation, this technology offers a unique reshaping of the outflow tract. We previously reported that transvalvular gradients are reduced in this rapid-deployment valve compared to the conventional valve of the same manufacturer [8, 25] . The subvalvular stent-based fixation system may be the reason for a reduced transvalvular gradient as it reshapes the left ventricular outflow tract, avoids pledgets and reduces turbulent flow [26] . Furthermore, this valve system does not allow the use of a smaller valve size than indicated, which might occur in conventional valves, as undersizing may lead to paravalvular leakage.
Fallon and colleagues revealed that 54% and 11% of all patients aged above 65 documented in the STS database are suffering from moderate or severe PPM, respectively [27] . This led to an 8% and 32% increase in relative risk of mortality in patients with moderate or severe PPM. We confirm the very low incidence of PPM after RD-AV implantation in this large monocentric, real-world experience. Moderate and severe PPM occurred in 13.2% and 2.6% of all patients, respectively. The low PPM rate is in the line with previous reports for RD-AVs and represents a specific advantage related to the valve design potentially offering a survival benefit [13, 25, 27] .
Residual moderate-severe paravalvular regurgitation was observed in 2.6% of the patients. In order to reduce the incidence of paravalvular leakage, we apply an extra stitch in the noncoronary sinus in selected patients and we do not implant this particular type of valve in extensive calcifications of the root with rigid sinuses.
Limitations
This study combines the results of pre-market clinical trials and a post-market registry. Therefore, patient population was not highly selected and our results included the learning curve of 13 surgeons.
CONCLUSION
In conclusion, this RD-AV system has shown excellent results concerning haemodynamic performance, durability and safety. Implantation requires specific training, and the pacemaker rate remains a matter of concern. This novel valve also facilitates minimally invasive approaches, and it may be beneficial in complex combined procedures.
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